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ABSTRACT

Eleutherine bulbosa is the only species representative of the family Iridaceae, tribe Tigrideae in the Indian subcontinent. 
Eleutherine bulbosa is cultivated both as an ornamental and a medicinal plant, and is often reported to be sexually sterile with no 
natural fruit set. The present study focused on the floral biology, breeding system and pollination mechanism because despite the 
usefulness of the plant, very little attention has been paid on these aspects. In order to understand the breeding mechanism, pollen 
viability status, artificial pollination capacity and seed germination potential were determined. Significant differences could be 
found in the number of floral whorls, among the individual flowers within and between the inflorescences. Pollen viability was 
high (68.639 ± 2.619 %) and pollen germination percentage was moderate (57.684 ± 4.461%). The fruit set percentage was 
comparable in all the artificial crosses (28.33%-31.66%). Seed viability of E. bulbosa as noticed by tetrazolium assay was 68.48% 
and seed germination was 31.66±0.957%. Maximum germination was observed between 20-30 days after sowing. From the 
results, it appears that the plant material can be multiplied through seeds, in addition to vegetative propagation, thereby enhancing 
the production of this useful medicinal plant.
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The herbaceous perennial flowering plant species, MATERIAL AND METHODS
Eleutherine bulbosa, belongs to the family Iridaceae, tribe 

Site of collection of plant material : Plant materials of E. Tigrideae (Goldblatt and Snow 1991). Even though, Iridaceae 
bulbosa were collected from Kollam and cultivated in two areas; is a large and diverse family comprising of about 80 genera 
Thimiri (Kannur) and Kariavattom (Thiruvananthapuram). A and 2315 mostly perennial herbaceous species (The Plant List 
small population was also raised at Chenkottukonam (about 3 2013), the genus Eleutherine is represented by only two 
km from Kariavattom) for maintaining the stock of plants. species, E. latifolia and E. bulbosa.  The two species are 
Inflorescence architecture and floral structure : Data was characterized by virtually identical flowers but are readily 
collected from 1467 flowers on the inflorescence of 15 plants distinguishable by differences in their inflorescence structure 
at Kariavattom during October 2015 – December 2016. (Goldblatt and Snow 1991).
Morphological characters such as number of tepals, stamens Eleutherine bulbosa is the only species recorded in the 
and styles were noted. Type of inflorescence, average number Indian subcontinent. The species is recognized as an exotic 
of flowers/inflorescence and inflorescence architecture were ornamental, characterized by reddish bulbous root stock, 
also studied. Size of the tepals, stamens, and gynoecium were palmate leaves and a rhipidial type of inflorescence with 
also noted.evening blooming flowers (Goldblatt and Snow 1991). The 

local traditional healers have identified the medicinal Reproductive biology 
properties of the bulb and used it as a cure for various ailments 

Pollen morphology : Anthers were collected from the mature 
such as intestinal disorders and piles. It is considered an 

flowers, crushed with a glass rod and stored in 70 % alcohol. 
antifungal, anthelmintic and abortive agent (Rani and Bindu 

Light microscopy using an image analyzer (Leica DM 2000) 
2016).

was used to assess pollen morphological characters by  Despite the usefulness of E. bulbosa, very little attention 
following Nair’s (1964) terminology. For shape classes, the has been paid to the study of its inflorescence architecture, 
formula proposed by Walker and Doyle (1975) was used while floral structure and breeding mechanism. In nature, the plant is 
the classification suggested by Erdtman (1952) was used to multiplied through the vegetative bulbaceous propagules. 
determine size classes.Preliminary observations on the inflorescence and floral 

SEM studies were carried out in NIIST, Thiruvanan-structure of E. bulbosa showed marked morphological 
thapuram. The fixed pollen grains were mounted directly on variations during development. Since variations in floral 
graphite tape and sputter-coated for 45 seconds with gold in a characters and breeding systems play an important role in the 
fine coater (JFC-1200, JEOL, Japan)  and microphotographs systematic and phylogenetic characterization of a plant 
were taken  by SEM (JSM-5600 LV, JEOL, Japan) at a voltage species, a study of the reproductive attributes of this plant was 
ranging, 10-12 KV. undertaken.
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Pollinators : Flowers of E. bulbosa were observed to bloom water overnight, then placed in 1% triphenyltetrazolium 
towards the evening, therefore flowers were carefully chloride solution for 3 h. Seed viability was interpreted 
observed from about 4.30 to 6.30 pm to identify the type of according to the staining pattern of seed tissues. Living cells 
floral visitors, their purpose of visit and interaction with stain red by the reduction of a colourless tetrazolium salt to 
flowers. form a red formazan.
Pollen fertility : Pollen fertility was estimated by using the Seed germination: Seed germination was studied by sowing 
1:1 acetocarmine – glycerin mixture as described by Shivanna them in sand. Paper pots were filled with sand, 
and Rangaswami (1992). Darkly stained pollen grains were fairly free from silt and loam and five seeds per pot were 
considered as fertile whereas shrunken and poorly stained as sown at a depth of 1-2 cm. There were three replicates with 
sterile. 40 seeds in each experiment. Pots were watered once a day and 
Pollen viability : Pollen viability was estimated using 2,3,5- observed for germination. Germination percentage was 
Triphenyl tetrazolium chloride (TTC,1%) (Oberle and Watson calculated by the following equation:
1953, Norton 1966). 
In vitro pollen germination: Pollen grains were germinated 
in vitro by using a standard Brewbaker and Kwack (1963) 

 RESULTS AND DISCUSSION
mixture with different sucrose concentrations (0, 5, 10, 15, 20 
and 25 %), 100 mg/l of boric acid and 300 mg/l of calcium  Studies on reproductive biology are essential for the 
nitrate. Two drops of culture medium was placed on each successful cultivation of plants and to understand their 
microscopic slide and freshly dehisced pollen grains collected conservation strategies. Inflorescence of E. bulbosa is a 
from the flowers were added. The cultures were incubated for rhipidium (spathe enclosed flower clusters). The cauline leaf 
different time periods (15,30,45,60,75 and 90 min)  under subtends a few pedunculate rhipidia and a secondary axis 

terminates in 6-12 rhipidia in umbellate arrangement room tempera tu re .  At  the  end  o f  each  t ime  
(Goldblatt and Snow 1991). Variations could be noticed in the period, a drop of fixative was added and the culture was 
number and pattern of the inflorescence branches in the observed under the microscope for pollen germination 
present study. The rhipidia were arranged in two series; the (Shivanna and Rangaswami 1992).Pollen was considered as 
cauline leaf was noticed to subtend 5-6 rhipidia towards one germinated if the pollen tube was at least as long as the length 
side and the secondary axis terminated in 6-12 rhipidia. of the pollen grain (Tuinstra and Wedel 2000). The number 
Sometimes, the rhipidia were arranged in three series wherein, of germinated and total pollen grains in 10 microscopic 
from the secondary axis, a tertiary branch is formed and 6-8 fields were counted and expressed as percentage of pollen 
rhipidia were arranged on it (Fig.1.a). In each rhipidium, about germination.
10-18 flowers were found clustered together. The individual Percentage of fruit set: The stigma receptivity and anther 
flower buds were arranged spirally outwards on the rhipidial dehiscence was observed in E. bulbosa to identify the time of 
axis enclosed by layers of membranous bracts such that the natural pollination and also to conduct artificial pollination 
youngest flower was at the centre and the oldest at the outer experiments. Stigma receptivity was determined by hydrogen 
rim of the rhipidium(Fig.1.b-d). Mature buds emerged early in peroxide assay (Galen et al. 1985).Flowers were collected at 
the morning (1am-3am) but bloomed towards the evening different stages (bud and open flowers).Stigmas were exposed 
around, 4.30-5.30 pm. Usually, single flowers bloomed per to 3% hydrogen peroxide for 3 minutes. The rate of bubble 
inflorescence per day (Fig.1.e & j), occasionally two flowers production from the stigmatic surface in hydrogen peroxide is 
(Fig.1.f) or rarely three were also noticed. After 2-3 hours, the 

directly related to the level of stigma receptivity.
flower dropped off with its supporting structures except the 

Artificial crossing experiments: Autogamy (collected 
ovary. Since ovary remains on the main stalk, the number of 

pollen grains from one flower and dusted over the stigma of 
ovaries is an indication of the number of flowers produced 

the same flower), Geitonogamy (collected pollen grains from 
from an inflorescence (Fig.1.k).

one flower and dusted over the stigma of other flower present 
 The plant produced flowers throughout the study period 

on the same plant) and Allogamy(collected pollen grains from 
(Oct. 2015- Dec. 2016). But the frequency of flowering was 

the flower of one plant and transferred to the stigma of flower 
maximum during the months of February to April. Flowers 

on other plant belonging to the same species) were carried out. were bisexual, pedicellate and epigynous. The size of the floral 
Fruit set percentage was calculated as : whorls did notvary much. Tepals were white in colour and 

1.1–1.6 cm in length. Anthers were basifixed, epitepalous, 
extrose and dehisced longitudinally. Length of the filament was 

Seed viability : Seed viability was studied using the 2-3 mm and that of the anther ranged from 3-4mm. Pistil was 
Tetrazolium test (Grabe 1970). Seed were soaked in distilled differentiated in to ovary (2-3 mm), style (5-7mm) and stigma.

Number of fruits produced
Number of flowers pollinated

Fruit Set Percentage = X 100

 Number of seeds germinated
Number of seeds sown 

Germination Percentage = X 100
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Fig.1.a. Inflorescence branching pattern, b.  Inflorescence enclosed by membranous bracts, c & d. Flower buds exposed after stripping 
membranous bracts, e & f. Flower buds, g-i.  Flowers showing variations in the number of floral whorls, j. Single flower, k. Persistant ovaries.

Fig.2. a. Plant with fruits, b. Single fruit, c. Mature fruits collected, d. Seeds
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 Usually the flowers of E. bulbosa are bisexual with 6 of meristems. Further investigations are required to 
perianth lobes, 3 stamens and 3 style branches (Sasidharan understand the molecular mechanism underlying these floral 
2011) In the present study, significant differences in the variations.
number of essential (stamens 3-5, style 2-7) and Reproductive biology : Plant materials of Eleutherine 
nonessential whorls (tepals 5-9) could be found among bulbosa were grown at two sites, Kariavattom and Thimiri 
individual flowers within and between the inflorescences (around 500 plants at each place). All the plants produced 
(Fig.1.g-i). From a total of 1467 flowers studied, 22 different flowers in about three months and subsequently produced 
combinations of tepals, stamens and styles were observed. fruits. A small population (around 40 plants) was also raised at 
Flowers consisting of 6 tepals, 3 stamens and 3 styles Chenkottukonam (about 3 km from Kariavattom) for 
constituted the majority (75.46%), while the rest of the maintaining the stock of plants. Interestingly, no fruit 
combinations were less than 10% (Table 1). In the 6+3+3 formation occurred in plants at Chenkottukonam even though 
arrangement, 3 tepals were completely inside and 3 flowers were abundant. In order to find out the reason, the 
completely outside. Stamens were epitepalous facing the plants at all the above sites were observed carefully from 4.30 
outer tepals and the styles were alternate to the stamens. to 6.30 pm(blooming time) and also the floral visitors. Two 

insects were noticed visiting the flowers at Kariavattom. One Table 1–Different combinations of floral whorls in individual flowers

of the insects was identified as Amegilla zonata, by Dr. Jobiraj, S. No. Number of floral whorls Number of Percentage
Assistant Professor, Government College, Kodanchery.    flowers
Another was a small grasshopper-like insect. The grasshopper- Tepals Stamens Styles
like insect was also noticed from flowers of Chenkottukonam, 1 6 3 3 1107 75.46
where there is no fruit-set and therefore is unlikely to be a 2 6 3 4 64 4.36

3 7 3 3 37 2.52 pollinator. The only visitor noticed visiting the flowers of 
4 7 3 4 37 2.52 Thimiri was a small bee like insect yet to be identified. It is 
5 8 4 4 33 2.24

however assumed to be the actual pollinator since fruit-set 6 7 4 4 28 1.90
could be observed from there.7 6 4 3 25 1.70

Since the flowers at Chenkottukonam did not produce any 8 6 3 5 19 1.29
9 6 4 5 15 1.02 fruits, these plants were selected for pollen fertility and 
10 6 3 3+1* 10 0.68 germination studies.
11 6 3 2+1* 10 0.68

Pollen morphology is a useful tool in solving problems of 12 6 3 6 9 0.61
taxonomy at various taxonomical levels (Nair 1964). As 13 7 4 2 9 0.61

14 7 4 5 9 0.61 observed from SEM analysis, the pollen grains are boat 
15 5 3 3 9 0.61 shaped, monosulcate (elongated aperture situated distally), 
16 9 5 4 9 0.61 with bilateral symmetry and reticulate ornamentation. The 
17 6 3 2 9 0.61

pollen grains have a mean polar length of 21.243±1.483µm, 18 6 3 1 7 0.47
equatorial length of 15.88±1.682µm and P/E ratio 1.337. The 19 8 4 7 7 0.47

20 8 5 5 7 0.47 pollen grains are subprolate to euprolate in shape (Fig.3.a-d). 
21 8 3 4 6 0.40 Both sulcate and bisulcate pollen grains occur in the tribe 
22 13 8 7 1 0.06 Tigridieae and this has been used together with other 

Flowers in the basal and terminal positions showed characters (floral morphology and chromosome number) to 
similar type of variations in the floral components unlike 

subdivide the tribe in to subtribes (Goldblatt 1982).
previous reports in certain other plants. Diggle (1995, 1997) 

Pollen viability tests provide a means of assessing the 
had noticed a reduction or increase in the floral components 

potential of the pollen to germinate on the stigma. There are 
according to their position on the inflorescence axis. Variation 

many different methods to determine the pollen viability 
in floral morphology of E. bulbosa in the present study may 

(Dafni 1992, Kearns and Inouye 1993). The most useful 
not be due to architectural effects (Positional variation 

methods for understanding pollen viability are staining, in 
inherent in the architecture of plant axes) because a correlation 

vitro germination and determination of fruit set percentage. 
could not be detected between the number of floral 

Eleutherine bulbosa pollen was collected from the 
components and the position on the inflorescence branch. The 

flowers just before anthesis. Pollen fertility was estimated by 
increase in organ and whorl number has been correlated with 

acetocarmine stainability. 74.76±5.664% of the pollen grains an increase in floral meristem size at the time of organ 
were stainable. Pollen viability was 68.639± 2.619% when initiation (Clark et al.1993, 1995). According to Running and 
stained with TTC (Fig.3.f).Meyerowitz (1996), the genes may play an indirect or 

In vitro pollen germination in Brewbaker’s medium is nonspecific role in determining the number and pattern of 
more accurate than staining techniques. The highest pollen organ initiation events, such as by regulating the size or shape 

. 
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required for fruit maturation was found to be 40-45 days. Each germination percentage was obtained when the sucrose 
fruit contained about 3-8 seeds. Even though, the flower is concentration in the medium was 10% (Fig.3.e). Pollen 
bisexual, no fruit production occurred when the pollinator was germination was monitored from 15 to 90 minutes. Pollen 
absent. The grass hopper like insect may not be effective in grains started to germinate immediately after 15 minutes and 
pollination and no other insect visitors were noticed at reached the maximum at 90 minutes of incubation. Pollen 
chenkottukonam during the observation period. The position germination percentage was 57.684 ± 4.461% at 45 minutes of 
of anthers and stigma within the flower probably contributes incubation.
to lack of natural fruit set (autogamy) as the stamens were The fruit set percentage after artificial pollination might 
extrose and the styles alternate to the stamens, positioned be the most reliable and dependable means of determining 
slightly upper than stamens. That may be the reason for lack of pollen viability. Hydrogen peroxide assay was used for testing 
natural fruit set in chenkottukonam.the receptivity of the stigma. Buds were not receptive. Stigma 

 Seed germination provides a means of multiplying any of open flowers showed receptivity between 5.00 pm and   
plant. A viable seed is considered to be capable of producing 6.15 pm. Anthers dehisced longitudinally immediately after 
normal seedlings under favourable conditions. The tetrazolium anthesis.
test for seed viability can provide a quick estimate of the seed’s Autogamy, Geitonogamy, and Allogamy were carried out and 
germinability. The tetrazolium test is a biochemical test, which the results are detailed in the figures and tables below (Fig.2.a-
differentiates live from dead cells based on the activity of the d, Table 2).
respiratory enzymes in seeds. Upon seed hydration, the activity 

Table 2- Fruit set percentage in different crosses of dehydrogenase enzymes increases resulting in the release of 
Type of cross Number of Number Percentage hydrogen ions, which reduces the colourless tetrazolium salt 

 flowers  of fruits  of fruit set solution (2, 3, 5-triphenyl tetrazolium chloride) into a chemical 
pollinated produced

compound called formazan. Formazan stains living cells with a 
Autogamy 60 19 31.66 red colour while dead cells remain colourless. The viability of 
Geitonogamy 60 17 28.33

seeds is interpreted according to the staining pattern of seed 
Allogamy 60 18 30.00

tissues (Grabe1970). Seed viability of E. bulbosa by Total 180 54 30.00.
tetrazolium assay was 68.48%.

The fruit set percentage was comparable in fruits Germination tests conducted under in vitro and in vivo 
produced by Auto-, Geitono- and Allogamy.  Average time conditions offers the best choice for identifying the potential 

Fig.3. a-d. Scanning electron micrographs of pollengrains, a. Polar view (X1500), b. Ornamentation enlarged view (X5000), c. Pollen grain showing 
sulcus (X2500), d. Dorsal view (X2500), e. Pollen germination after 30 minutes of incubation, f. Pollen viability testing . n-viable pollen grain, nv-
nonviable pollen grain
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Fig.4. Seed germination percentage at different time intervals.

of a seed lot to emerge under field conditions. The type of REFERENCES
planting substrate is an important factor that influences 

Brewbaker JL and Kwack BH 1963. The essential role of 
germination and can be species specific; therefore in 

Calcium ion in pollen germination and pollen tube 
nurseries, importance is given to substrate for raising 

growth. Am. J. Bot. 50 859-865.
seedlings (Jaiswal and Chaudhary 2005). 
Seed germination :  It was conducted on sand. There were Clark SE, Running MP and Meyerowitz EM 1993. 
three replicates with 40 seeds in each experiment. The CLAVATA1, a regulator of meristem and flower 
germination percentage was 31.66±0.957%. development in Arabidopsis. Development  119 397-418.
Germination time : Highest germination of 31.57% was 

Clark SE, Running MP and Meyerowitz EM 1995. CLAVATA3 noted between 21-30 days after sowing the seeds (Fig.4).
is a regulator of shoot and floral meristem development 

CONCLUSION affecting the same processes as CLAVATA1. Development 
121 2057-2067.The study provides new data about the floral morphological 

variations and reproductive biology of the valuable medicinal Dafni A 1992. Pollination Ecology: A practical approach. 
plant, Eleutherine bulbosa. Though the plant flowers Oxford  University Press, New York . 
profusely, natural fruit set is rare. The present study revealed doi:10.1046/j.1420-9101.1993.6050776.x
that the pollen grains are fertile and successful fruit and seed 

Diggle PK 1995. Architectural effects and the interpretation set is possible, only in the presence of appropriate pollinators 
of patterns of fruit and seed development. Ann. Rev. or artificial pollination. Therefore, seed germination in 
Ecol. Syst. 26 531–552.addition to vegetative methods should be promoted for large 

scale cultivation of this important plant
Diggle PK 1997. Ontogenetic contingency and floral 
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